Abstract. The aim of the study -the development of textile screen printed sensor for enuresis alarm system, using different concentrations of graphite in paste and various width of traces (3, 5, 7 mm).
I. INTRODUCTION
Wearable electronics tend to get smaller and take over features of textile materials [17] . Smart textiles can be obtained by integrating conductive fibres and yarns, e-yarns, using conductive coatings (flexible encapsulated circuits) or conductive pastes and inks [10] .
It makes it reasonable to screen-print conductive traces, circuits, antennas and sensors directly on textile substrates, using textile pastes and inks loaded with different conductive fillers [8, 10, 9] . The inks can contain: metals (gold, silver, copper, aluminum powder, flakes, fibres or nanowires), carbon (powder, nanotubes, nanofibres) and intrinsically conductive polymers (polyaniline, polypyrrole) [1, 12] .
Most commercial conductive pastes, inks and paints for printed electronics are devised for printing/applying on plain and rigid surface. The most popular are DuPont, Sun Chemical®, Creative Materials, EPO-TEK®, PELCO®, Acheson Chemical, Ecojoin, Caig Laboratories Inc., MG Chemicals etc. [3, 5, 7, 15, 19, 20] . Despite non-textile application, a research of applying some of these pastes was carried out, evaluating the features of pastes/inks and their interaction with different structures and surfaces of textile materials [16, 14] .
Carbon (C) is the main component of plants and life creations, and it is also used in metallurgy, electrode production, adsorbing, in chemical industry etc. In nature carbon can be met as diamond (Fig. 1 a) , graphite ( Fig. 1 b) and charcoal (Fig. 1 g ). Carbon and its allotropes (different molecular configurations) (Fig.1) tend to take stand of usage in electronics increasingly [2] .
Graphite has a layered structure, as bonds among carbon atoms in a layer are tight, but bonds between layers are weak. Thereby graphite is soft, because layers of atoms can slide along each other. Graphite is nontransparent, dark grey and a good conductor [4] . Fig. 1 The structures of allotropes of carbon: diamond (a), graphite (b), lonsdaleite (c), buckminsterfullerene (C60) (d), fullerene (C540) (e), fullerene (C70) (f), amorphous carbon (g), single-walled carbon nanotube (h), grapheme (i) [2, 6] Screen printed sensors made by depositing graphite-based paste on textile material can be used for nocturnal enuresis alarm systems as alternative of prototyped sensors made of conductive yarns [13] . Both methods are replacing rigid sensors and increasing the comfort of usage.
Such alarm systems can be used by individuals with diagnosis of bed-wetting or nocturnal enuresis. Enuresis is intermittent incontinence during sleep of mostly children after the age of five, caused by different disturbances of physiology. The bed-wetting alarm system awakens the child when bedwetting starts and he/she finishes voiding in the toilet [11] .
The aim of the study is to develop a textile screen printed sensor for the existing [13] enuresis alarm system, using different concentrations of carbon in printing paste and printing different thickness of traces.
II. METHODS

A. Screen printing
The screen printed technology was used for printing traces for sensor [18] . Firstly, the pattern of 3 mm, 5 mm and 7 mm thick and 100 mm long traces were created digitally. Using emulsion, a picture of patterns and light, the patterns were doi: 10.7250/mstct.2013.002 transferred onto a screen (mesh), which was fixed into frame (size A4).
Different quantities of graphite powder were mixed with water based transparent textile printing paste (TPrint T2000), producing various concentrations of carbon printing pastes (Table) . Using rubber squeegee and patterned screen 3 mm, 5 mm and 7 mm wide traces were printed on sateen (123,2 g/m 2 ) weave cotton fabric (Fig.2) . For each concentration and trace type 5 samples were printed. The samples were dried and fixed for a minute at temperature of 120 ° C. 
B. Testing Reaction on Humidity
Testing the reaction on humidity salty dilution (0,2 moles of salt per 1 litre of water) was used for urine imitation, because its conductivity corresponds to the average conductivity of urine [21] . Salt (NaCl) is an electrolyte, and when it is diluted in water to form salt water, it becomes sodium ions (Na+) and chlorine ions (Cl-), each of which is a particle that conducts electricity [13] . To register the above mentioned reaction, additionally, oscilloscope and program Pico Scope 6 were used. The electrodes were connected to two parallel printed traces through a simple signal amplifier, shown in Figure 3 , which increased sensitivity of the system. In this experimental setup the electronic circuit was fed with 2V input voltage, which was connected to an amplifying transistor through a sensor with printed traces (connections SENS 1 and SENS2). The reaction of the system was indicated in two ways -with LED1 and with measuring connections (MEAS1 and MEAS2), which were connected to an oscilloscope, which measured and registered the output voltage of the system. The dilution was dropped between the traces and the increase of voltage in time between two traces was registered. The traces with width of 5 mm and 7 mm and all concentrations (Table 3) of graphite powder were measured, because they have lower resistance than 3 mm traces. 
III. RESULTS & DISCUSSION
A. Resistance of Printed Traces
After the heat treatment, the resistivity of the acquired samples of printings was measured. The observed tendency shows that by increasing the concentration of graphite paste, the electrical resistivity decreases. It happens till the concentration of 22 %, because the resistance begins to rise at the concentration of 26%. If the factors as printing mesh dimensions and size of graphite flakes remain the same, the resistivity will increase.
In previous pilot-experiments traces of the graphite paste of 50% and 60% concentration were printed on fabric. It was observed that the paste is not absorbed into textile structure and cracks appear in the printed traces, which cause more resistance. This can be explained by excessive size of graphite powder flakes for the chosen fabric and its structure. The graphite powder stays on the surface of fabric, while the textile paste is absorbed into fabric, so fabric acts like a filter.
The concentration of 10% and 14% of graphite pastes shows that the width of traces affects electrical resistancethicker traces of 7 mm have lower resistance than traces of 5mm and 3mm (Fig. 4) . But resistance becomes less different with 18%, 22% and 26% concentration of graphite despite the various widths of traces. 
B. Reaction of Sensor on Humidity
The graph in Figure 5 shows that traces with graphite concentration of 10% and 22% have one of the best characteristics, because they reach 1,6 V after 2,5 seconds. The printed traces with graphite concentration of 18% reach this level after 3,6 seconds, 14 % -after 5,7 seconds. The longest delay was observed for the traces with graphite concentration of 26 %, the mentioned level was reached only after 7,4 seconds. It can be explained by the high concentration of graphite, which made the printing paste more viscous and less absorbing into the structure of the fabric. So it takes some time for dilution to absorb into the fabric under printed traces and then to reach the printed area. IV. CONCLUSIONS Screen printing electro conductive traces are affected by such factors as: the features of printing paste (viscosity, concentration of graphite, the size of graphite flakes), the size of cells of the screen, the structure of a textile material.
The bigger concentration of graphite powder in printing paste, the less electrical resistance of printed samples was observed, using definite printing stuff and materials. To avoid cracks in printings, thereby improving conductivity, a cohesive substance in the paste must be used.
The traces with graphite concentration of 22% are the most suitable ones for humidity sensor, because of their low resistance and good conductivity.
